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The Yidun Group extends from the Shangri-La region to the south and the Changtai region to the north,
and is an important component of the Triassic Yidun arc in the eastern Tibetan plateau. It is composed of
the Lieyi, Qugasi, Tumugou and Lanashan Formations from the base upward. Both the Lieyi and Lanashan
Formations consist dominantly of black or gray slate and sandstone, whereas the Qugasi and Tumugou
Formations have variable amounts of maﬁc to felsic volcanic rocks and tuffs accompanied with gray slate
and sandstone.
Sandstone from the Yidun Group has variable CIA values from 55 to 76, indicative of mild to moderate
weathering condition for the source rocks. All the sandstones deﬁne a general weathering trend nearly
parallel to the A-CN boundary in the A-CN-K triangular diagram, implying limited effect of diagenetic and
post-depositional K-metasomatism. Dominant detrital quartz and feldspar grains of the sandstones
suggest predominantly felsic sources. Relatively high Y/Ni and low Cr/V ratios of sandstones from the
Yidun Group indicate more contribution from felsic than maﬁc sources. Similarly, the Yidun sandstones
have Co/Th and La/Sc ratios generally similar to upper continental crust (UCC) and cluster between UCC
and felsic sources, indicating felsic rocks as primary sources. Granodiorite represents the average
chemical composition of sources as evaluated by extending the predicted weathering trend back to the
feldspar join in A-CN-K diagram.
Prominently high Zr/Sc ratio or Hf concentration and Paleoproterozoic Nd modal ages (1.94e2.21 Ga)
point to input of recycling components derived from old sedimentary source in a relatively stable tec-
tonic setting.
 2013, China University of Geosciences (Beijing) and Peking University. Production and hosting by
Elsevier B.V. All rights reserved.1. Introduction
Chemical compositions of clastic rocks are a powerful indicator
for determination of provenance and tectonic setting of sedimen-
tary basins (Bhatia, 1983; Mclennan et al., 1983, 1993; Hiscott, 1984;
Bhatia and Crook, 1986; Roser and Korsch, 1986; Floyd et al., 1991;
Fedo et al., 1995; Fralick and Kronberg, 1997; Wang et al., 2012).
Immobile elements, such as Al, Fe, Th, Sc, Cr, Zr, Co, Y, Hf and REEs,852 25176912.
of Geosciences (Beijing)
evier
sity of Geosciences (Beijing) and Pare favored in the provenance analyses because they are resistant to
geochemical fractionation during weathering, erosion and post-
depositional processes, and may faithfully reﬂect the feature of
sources (Talor and McLennan, 1985; Mclennan et al., 1993;
McLennan, 2003; Wang and Zhou, 2012; Wang et al., 2012). Nd
isotopic compositions of sedimentary rocks are commonly applied
in provenance studies, because they may provide additional con-
straints on the sources and hence the crustal evolution (Mclennan
et al., 1990; Thorogood, 1990; McLennan and Hemming, 1992;
Murphy and Nance, 2002; Wang et al., 2010, in press).
Triassic ﬂysch sequences extensively accumulated in the sedi-
mentary basins of the Songpan-Ganzi and Yidun Terranes in the
eastern Tibetan plateau (BGMRSP, 1991). Previous studies largely
focused on the Songpan-Ganzi ﬂysch sequence, e.g. the Xikang
Group (Gu, 1994; Nie et al., 1994; Bruguier et al., 1997; She et al.,
2006; Weislogel et al., 2006, 2010; Enkelmann et al., 2007; Zhang
et al., 2012), but the Yidun ﬂysch sequence, represented by the
Yidun Group, was barely investigated and whether the twoeking University. Production and hosting by Elsevier B.V. All rights reserved.
B.-Q. Wang et al. / Geoscience Frontiers 4 (2013) 765e777766contemporaneous groups are genetically correlated is unknown.
The Triassic tectonic interpretation of the Yidun Terrane is
complicated by the subduction of two Paleo-Tethys branch oceans,
the Jinsha and Ganzi-Litang Oceans (Chen et al., 1987; Hou, 1993;
Mo et al., 1994). Details of the two subduction systems such as the
subduction polarity and duration, as well as the sedimentary and
magmatic responses, are still under debate (Hou, 1993, 2001a,b;
Wang et al., 2000; Reid et al., 2005, 2007; Pullen et al., 2008; Roger
et al., 2010). Petrology and geochemistry of sedimentary rocks from
the Yidun Group may contain important information about
chemical natures of source regions and tectonic setting of sedi-
mentary basins. Studies of paleoclimate and tectonic conditions of
source regions and depositional basins can further provide con-
straints on the tectonic evolution of the Yidun Terrane.
In this paper, we present new bulk rock geochemical and Nd
isotopic data for sandstones of the Triassic Yidun Group in the
Yidun Terrane. We use this new dataset to determine theirFigure 1. Geological map of the Yidun Terrane modiﬁed from Pan et al. (2004). SGT: Songp
Jinsha suture; XGF: Xiangcheng-Geza fault.provenance and tectonic setting. The implications for the evolution
of the Yidun Terrane are further discussed.2. Geological background
The Yidun Terrane, located in the eastern Tibetan plateau, is
sandwiched by the Songpan-Ganzi Terrane to the east and Qiang-
tang Block to the west (Fig. 1). The boundary of the Yidun Terrane is
marked by the two Paleo-Tethyan suture zones, the Jinsha and
Ganzi-Litang suture zones, which represent remnants of two Paleo-
Tethys branch oceans (Fig. 1). The Jinsha and Ganzi-Litang oceans
were consumed by PermianeTriassic subductions (e.g. Mo et al.,
1994; Chang, 1996) and the Yidun Terrane collided with the
Qiangtang Block in the earlyemiddle Triassic (e.g. Mo et al., 1993;
Wang et al., 2000; Zhu et al., 2011) and with the Songpan-Ganzi
Terrane at the end of the Triassic (Hou, 1993; Wang et al., 2011).an-Ganzi Terrane; YDT: Yidun Terrane; ZM: Zhongza Massif; QTB: Qiangtang Block; JS:
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Xiangcheng-Geza fault zone, can be recognized within the Yidun
Terrane, namely the Zhongza Massif and the eastern Yidun Terrane
(Fig. 1) (BGMRSP, 1991; Hou, 1993). The Zhongza Massif is domi-
nated by weakly metamorphosed Paleozoic carbonate, clastic rocks
and minor maﬁc volcanic rocks with a Neoproterozoic basement
composed of granitic gneisses and meta-volcanic rocks (BGMRSP,
1991; Chang, 2000). The eastern Yidun Terrane mainly comprises
Triassic ﬂysch-volcanic successions (the Yidun Group), and arc-
related granitoid plutons (BGMRSP, 1991; Hou, 1993). The Triassic
Yidun Group is unconformably overlain by Cenozoic red beds (e.g.
the Relu Formation) and no pre-Triassic strata crop out within the
eastern Yidun terrane (Fig. 2) (BGMRSP,1991). Most of the granitoid
plutons were emplaced during the late Triassic (w230 to 202 Ma)
as the response to the subduction of the Ganzi-Litang Ocean (Hou
et al., 2001a; Liu et al., 2006; Reid et al., 2007; Weislogel, 2008;
Wang et al., 2011).
3. Stratigraphy of the Yidun Group
The Yidun Group can be subdivided into, from the base upward,
the Lieyi, Qugasi, Tumugou and Lanashan Formations (Figs. 2 and 3)
(BGMRSP, 1991). Lithostratigraphic descriptions are based on the
cross sections in the Changtai region and are summarized in Fig. 3.
Distribution of the Lieyi Formation is constrained in the northern
part of the Yidun Terrane with a thickness of w600 m (e.g. Hou,
1993). The Qugasi, Tumugou and Lanashan Formations, are wide-
spread with the total thickness up to w12,000 m. The Lieyi for-
mation is unconformably overlain by the Qugasi Formation. The
contacts among the Qugasi, Tumugou and Lanashan Formations are
conformable. The Yidun Group, from the bottom to the top, does notFigure 2. Geological map of the Changtai rdisplay signiﬁcant lithological variations and is mainly composed of
slate and sandstone with limestone interbeds. The upper Qugasi
and lower Tumugou Formations have major components of maﬁc-
felsic volcanic rocks. In the Changtai area, the silicic volcanic
sequence of the Tumugou Formation is closely related to the VMS
deposits (e.g. Hou et al., 2001b, 2007). The Yidun Group is exten-
sively deformed by upright folding and thrust faulting. Graded
bedding, scour marks and lenticular bedding are locally recognized.
4. Sandstone petrology
Foliation related to the regional deformation is common in the
sandstones, accompanied by quartz and calcite veins. Sandstones
are grain-supported, and are mostly poorly sorted with angular to
subrounded grains (Fig. 4). The matrix is composed of ﬁne-grained
quartz, muscovite, clay minerals, feldspar and magnetite. Minor
amphibole, biotite and pyroxenes occur as accessory minerals.
Detrital components include detrital crystals of quartz, plagioclase,
K-feldspar, muscovite, and lithic fragments. Angular to subrounded
quartz grains are the dominant minerals (Fig. 4aed). Plagioclase
grains are subangular, fresh to intensely altered, and are more
abundant than K-feldspar grains (Fig. 4c and f). Muscovite appears
either as elongate lath or strain-induced ﬁne-grained aggregates
which are associated with chlorite or clay minerals interstitial with
other grains (Fig. 4d). Magnetite, zircon, pyrite and rutile are the
dominant heavy minerals. Lithic fragments include volcanic, sedi-
mentary and metamorphic detritus (Fig. 4a, d and e). Some min-
erals, mostly quartz, show deformation lamellae (Fig. 4b and f),
recovery structure (sub-grain), recrystallization (Fig. 4bed), kink
banding and bulging grain boundary, representing previous ductile
deformation of source rocks.egion modiﬁed from Sun et al. (1977).
Figure 3. Stratigraphy of the Yidun Group based on a measure cross-section (BGMRSP, 1991) and our ﬁeld mapping. Sedimentary strata in the column are not to scale.
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Fused glass disks were prepared for major element analyses.
Major oxides were determined using a Rigaku ZSX100e X-ray ﬂuo-
rescence spectrometer at the Guangzhou Institute of Geochemistry,
Chinese Academy of Sciences, Guangzhou, with analytical un-
certainties between 1 and 5%. Trace elements were analyzed using a
PE ELAN 6100 DRC-e ICP-MS at the State Key Laboratory of Ore De-
posit Geochemistry, Institute of Geochemistry, Chinese Academy ofSciences, Guiyang. Sample powders (50 mg) were digested using a
HF þ HNO3 mixture in high-pressure Teﬂon bombs for 48 h at ca.
190 C (Qi et al., 2000). Rh was used as an internal standard to
monitor signal drift during counting. Pure elemental standards were
used for external calibration, and OU-6 and AMH-1 were used as
reference materials. The analytical precision was generally better
than 5% for all elements.
Whole rock Nd isotopes were measured on Nu Plasma HR MC-
ICPMS at the University of Hong Kong. Sample powders were
Figure 4. Field photos and photomicrograph characterizing the grain composition and feature of sandstones from the Yidun Group. a) Basal conglomerate within the Tumugou
Formation. The pebbles are composed of quartz (Q), siltstone fragment (Ls) and metamorphic grain (Lm). b) General view revealing two major kinds of quartz grains: mono-
crystalline (Qm) and polycrystalline (Qp) quartz grains. Some heavy and accessory minerals such as zircon (Zr) and chlorite are also indicated. c) Elongate sub-angular plagioclase
(Pl) and sub-rounded K-feldsphar (Kf) grains. d) A metamorphic lithic fragment (Lm) and a siltstone fragment (Ls). e) A metamorphic lithic fragment with schistose foliation and
rutile (Ru). f) Micro-structures of former deformation revealed by deformation laminae within a quartz grain, recrystallization of quartz (polycrystalline quartz grain; also seen in b)
and deformation twinning with plagioclase. All the images are in cross-polarized light.
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dried and dissolved in 1.75 N HCl. The Rb, Sr and REE were sepa-
rated by conventional cation-exchange techniques (AG50W  8)
with 2.5 N and 4 N HCl as eluant. The separation of Sm and Nd
was performed using Ln-resin and 0.18 N and 0.4 N HCl as eluant.
Procedural blanks were <100 pg for Sm and Nd. The mass frac-
tionation corrections for Nd isotopic ratios were based on
146Nd/144Nd ¼ 0.7219. The Nd standard JNdi analyzed during this
study yielded 143Nd/144Nd ¼ 0.512117  8 (2s, n ¼ 13), consistent
with recommended value of 0.512115 (Tanaka et al., 2000).6. Analytical results
Forty-two sandstone samples from the Lieyi, Qugasi, Tumugou
and Lanashan Formations from the Yidun Group in the Changtai
region were analyzed for major and trace elements (Table 1). The
sandstones have moderate to high SiO2 (66.7e83.4 wt.%) and Al2O3
(7.9e14.3 wt.%) with low Al2O3/SiO2 ratios (0.10e0.21). They have
low Fe2O3
t þMgO (3.1e9.0 wt.%), TiO2 (0.4e0.8 wt.%), K2O
(1.3e2.9 wt.%) and Na2O (0.6e2.3 wt.%). CaO varies from 0.1 to
7.9 wt.% (mostly less than 2 wt.%). Samples with high CaO (>2 wt.%)
Table 1
Chemical composition of the sandstones from the Yidun Group in the Changtai area.
Lieyi Formation Qugasi Formation Tumugou
Formation
GB126 GB127 GB128 GB131 GB132 GB133 Average GB86 GB87 GB88 GB90 GB98 GB99 GB101 GB102 GB104 GB110 Average GB38 GB39 GB77 GB138 GB139A
Major oxides (wt.%)
SiO2 68.3 70.1 83.4 70.9 72.9 69.0 72.4 73.6 79.0 79.1 80.4 78.4 76.6 73.2 79.3 78.6 78.0 77.6 78.0 76.8 78.2 73.8 75.3
TiO2 0.46 0.51 0.38 0.49 0.39 0.52 0.46 0.68 0.58 0.54 0.50 0.60 0.63 0.48 0.61 0.53 0.59 0.57 0.55 0.58 0.67 0.82 0.83
Al2O3 10.1 11.1 7.92 10.5 9.04 11.3 9.99 12.0 9.76 9.90 9.13 10.1 10.5 8.70 8.16 8.72 9.90 9.69 10.3 10.7 9.17 11.5 12.3
Fe2O3
t 3.22 3.50 2.26 3.61 1.97 3.82 3.07 5.28 3.64 3.58 3.57 3.60 4.23 4.06 2.40 3.11 3.96 3.74 4.29 4.64 3.99 5.44 4.54
MgO 2.00 1.87 0.83 2.21 1.14 2.30 1.73 2.27 1.53 1.67 1.67 1.40 1.54 2.05 1.17 2.06 1.43 1.68 1.59 1.95 1.87 1.99 1.58
MnO 0.05 0.04 0.01 0.08 0.03 0.04 0.04 0.07 0.05 0.04 0.03 0.04 0.04 0.09 0.11 0.06 0.03 0.06 0.03 0.02 0.03 0.04 0.04
CaO 5.95 3.81 0.92 7.92 4.08 4.89 4.59 0.27 0.48 0.21 0.19 0.50 0.70 3.00 1.83 1.21 0.72 0.91 0.21 0.20 0.82 0.31 0.10
Na2O 1.36 1.05 1.02 0.77 0.57 1.15 0.99 1.50 1.58 1.38 1.40 1.71 1.41 0.90 1.53 1.59 1.34 1.43 1.00 0.87 1.54 0.86 0.91
K2O 1.88 2.50 2.08 2.29 2.93 2.35 2.34 2.04 1.57 1.77 1.37 1.64 1.75 1.89 1.50 1.36 1.64 1.65 1.93 2.10 1.34 1.64 1.98
P2O5 0.14 0.14 0.12 0.15 0.11 0.15 0.13 0.16 0.14 0.13 0.12 0.16 0.14 0.12 0.18 0.14 0.14 0.14 0.15 0.13 0.18 0.02 0.03
LOI 6.43 5.31 1.05 1.00 6.74 4.43 4.16 2.04 1.65 1.59 1.54 1.82 2.38 5.42 3.11 2.57 2.14 2.43 1.86 1.96 2.11 3.52 2.34
Total 99.9 99.9 100 99.9 99.9 99.9 99.9 99.9 99.9 99.9 99.9 99.9 99.9 99.9 99.9 99.9 99.9 99.9 99.9 99.9 99.9 99.9 99.9
CIA 61 64 60 68 64 64 64 71 67 70 70 66 67 63 55 59 67 66 73 74 65 76 77
Trace elements (ppm)
Sc 8.69 10.1 5.20 9.30 6.02 11.0 8.39 12.2 10.9 10.4 9.26 10.5 11.2 9.76 9.79 12.5 10.4 10.7 9.74 9.98 10.7 12.0 11.9
V 49.3 52.3 22.8 47.3 30.0 58.1 43.3 75.4 66.9 59.9 55.9 64.6 71.5 59.0 62.3 80.8 64.6 66.1 59.0 58.5 74.3 108.8 110.1
Cr 55.6 69.3 16.5 57.2 26.5 66.8 48.7 66.0 59.4 54.5 49.7 59.4 71.6 57.2 68.7 75.5 58.3 62.0 53.2 49.4 86.4 73.3 78.0
Co 7.51 9.45 3.72 9.77 3.17 10.8 7.41 8.43 10.4 6.03 1.90 8.53 11.6 11.8 8.12 9.52 9.01 8.54 5.06 10.1 8.49 15.3 11.1
Ni 22.9 37.7 9.2 27.1 11.1 29.8 23.0 24.5 25.7 20.3 9.6 22.4 27.6 25.7 19.9 26.7 23.4 22.6 18.9 25.9 22.2 36.7 37.5
Rb 85.1 108 81.5 111 124 111 103 93.0 72.0 79.9 62.9 74.7 94.8 97.5 70.9 90.6 83.4 82.0 90.4 95.7 59.7 77.0 93.2
Sr 175 109 66 105 123 158 123 46.0 39.4 24.3 33.6 52.0 84.4 110 104 80.7 80.5 65.5 19.3 17.5 51.9 28.7 28.6
Y 23.6 21.3 22.1 25.0 19.4 22.8 22.4 24.7 23.3 23.2 22.3 23.0 27.2 22.5 39.2 28.5 22.8 25.7 23.5 23.3 23.6 24.2 21.4
Zr 254 202 337 260 295 230 263 221 287 222 209 274 368 248 458 398 326 301 292 217 434 230 217
Nb 11.2 11.8 30.7 11.1 10.9 12.7 14.7 14.3 11.8 11.3 10.0 12.2 14.3 11.8 12.2 19.0 13.7 13.1 11.9 12.4 13.3 11.8 13.0
Cs 3.94 5.76 2.39 6.11 6.53 8.55 5.55 2.46 2.19 2.33 1.77 3.10 3.63 3.88 2.66 4.18 2.90 2.91 3.50 3.82 3.20 3.36 3.75
Ba 257 336 310 239 436 403 330 329 239 235 194 282 387 387 274 337 256 292 293 283 232 300 346
La 31.3 31.0 31.0 30.4 24.5 34.1 30.4 29.0 34.9 15.4 17.5 33.2 36.3 30.4 40.5 47.1 32.1 31.7 30.4 30.3 43.4 31.2 24.5
Ce 59.9 59.9 59.4 58.9 46.9 65.0 58.3 60.3 64.9 32.3 36.3 65.9 71.8 59.1 77.5 94.2 63.9 62.6 61.2 61.6 83.0 60.4 47.9
Pr 6.98 6.96 7.06 6.89 5.56 7.61 6.84 6.70 7.43 3.70 4.07 7.39 8.08 6.61 8.23 10.49 7.04 6.97 6.76 6.73 9.35 7.17 5.75
Nd 25.9 25.6 25.9 26.9 20.8 28.3 25.6 24.5 26.7 13.7 15.1 27.3 29.2 24.0 30.0 37.3 26.1 25.4 25.0 24.9 32.7 26.2 20.8
Sm 5.35 5.18 5.15 6.18 4.21 5.43 5.25 4.99 5.31 2.97 3.40 5.43 5.91 4.72 6.12 7.13 5.03 5.10 5.04 4.90 6.17 5.25 3.82
Eu 0.97 0.97 0.59 1.11 0.84 1.01 0.91 1.00 0.95 0.61 0.68 0.97 1.05 0.98 1.11 1.25 0.93 0.95 0.94 0.91 1.08 1.21 0.83
Gd 5.11 4.89 4.50 5.68 4.06 5.07 4.88 4.95 5.06 3.47 3.52 5.17 5.34 4.61 6.15 6.07 4.80 4.91 4.80 4.84 5.44 4.90 3.71
Tb 0.78 0.72 0.72 0.85 0.62 0.76 0.74 0.78 0.77 0.63 0.65 0.78 0.81 0.69 1.08 0.94 0.73 0.79 0.79 0.78 0.85 0.82 0.61
Dy 4.21 3.99 3.78 4.51 3.52 3.99 4.00 4.16 4.08 3.72 3.69 4.15 4.47 3.83 5.95 4.92 3.92 4.29 4.24 4.22 4.21 4.25 3.43
Ho 0.83 0.77 0.75 0.90 0.66 0.80 0.78 0.87 0.81 0.77 0.77 0.81 0.91 0.76 1.25 0.99 0.80 0.87 0.86 0.86 0.85 0.88 0.74
Er 2.44 2.28 2.26 2.59 1.98 2.41 2.33 2.67 2.51 2.34 2.25 2.55 2.71 2.30 3.59 3.09 2.36 2.64 2.55 2.56 2.60 2.61 2.33
Tm 0.36 0.33 0.30 0.36 0.27 0.34 0.33 0.38 0.36 0.34 0.31 0.36 0.39 0.33 0.51 0.44 0.33 0.37 0.37 0.37 0.37 0.35 0.36
Yb 2.33 2.13 2.07 2.49 2.00 2.25 2.21 2.49 2.42 2.15 2.07 2.33 2.69 2.21 3.29 2.88 2.36 2.49 2.40 2.34 2.62 2.39 2.35
Lu 0.35 0.32 0.30 0.36 0.28 0.34 0.33 0.37 0.35 0.31 0.30 0.35 0.39 0.32 0.47 0.44 0.35 0.37 0.34 0.35 0.39 0.35 0.36
Hf 6.62 5.40 7.88 7.14 8.02 6.15 6.87 5.91 7.55 5.84 5.31 6.93 9.01 6.33 11.4 10.3 8.54 7.71 7.91 5.95 11.1 5.97 5.91
Ta 1.16 1.01 1.85 1.03 0.87 1.11 1.17 1.31 1.10 0.99 0.90 1.04 1.12 0.97 1.10 1.89 1.21 1.16 1.10 1.15 1.16 0.99 1.09
Pb 19.7 21.4 8.0 25.4 15.5 21.9 18.7 14.5 10.1 7.13 14.8 10.8 9.06 19.0 31.9 9.31 7.69 13.4 12.6 7.25 15.7 8.98 10.0
Th 14.2 14.7 9.59 15.8 10.6 15.9 13.5 14.8 15.4 11.7 11.7 13.8 17.4 13.3 20.4 19.9 15.4 15.4 14.9 15.9 20.2 9.9 11.0
U 2.47 2.75 2.05 2.75 1.96 3.09 2.51 2.38 3.00 2.50 2.36 2.69 3.41 2.38 4.51 3.52 2.75 2.95 2.76 2.70 3.10 2.27 2.59
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Al2O3/(CaO þ Na2O) ratios, consistent with variable enrichment of
carbonate compositions (Table 1). Al2O3, Fe2O3
t, MgO, and K2O are
negatively correlated with SiO2, reﬂecting the enrichment of quartz
and breakdown of other unstable minerals during sedimentary
processes (Fig. 5) (Bhatia, 1983).
These sandstones display sub-parallel chondrite-normalized
REE patterns similar to those of post-Archean sedimentary rocks
(PAAS) (Fig. 6a). They are characterized by negative Eu anomalies
(Eu/Eu* ¼ 0.38e0.78), relative enrichment of LREE to HREE (La/
YbN ¼ 4.8e11.4) and nearly ﬂat HREE patterns (Gd/YbN ¼ 1.3e1.9).
They have highly variable large ion lithophile element (LILE) con-
centrations, such as Rb (60e145 ppm), Cs (1.8e8.6 ppm), Sr
(17.5e175 ppm) and Ba (194e544 ppm). The upper continental
crust normalized patterns of the samples show considerable de-
pletions in Cr, Ni, V and Sc (Fig. 6b).
Ten samples were selected for Sm-Nd isotopic analyses
(Table 2). Their initial 143Nd/144Nd ratios range from 0.511613 to
0.511727 with 3Nd(t) from14.2 to12.0. Calculated Ndmodal ages
(TDM) vary from 1.94 to 2.21 Ga.
7. Discussion
7.1. Effect of chemical weathering
Geochemistry of siliciclastic rocks may retain the chemical
signature of source rocks, although sedimentary processes such aschemical weathering, physical sorting and diagenesis could inﬂu-
ence the chemical compositions (Nesbitt et al., 1980, 1996;
McLennan, 1993; Fedo et al., 1995). The chemical index of alteration
(CIA ¼ 100  Al2O3/(Al2O3 þ CaO þ Na2O þ K2O)) is commonly
employed to quantitatively evaluate the weathering degree of
source rocks (Nesbitt and Young, 1982; Fedo et al., 1995). Clay
minerals have CIA values near 100 but unweathered rocks have the
values less than 50. Rocks from the Yidun Group have variable CIA
values from 55 to 76, suggesting mild to moderate weathering
conditions and alkaline earth elements were not signiﬁcantly
removed from the weathering proﬁle. The weathering history of
sediments can also be evaluated by plotting samples on the A-CN-K
(Al2O3-(CaO* þ Na2O)-K2O) triangular diagram. All the sandstone
samples deﬁne a general weathering trend nearly parallel to the A-
CN boundary except a few samples from the Lieyi Formation
(Fig. 7). This trend is consistent with the predictedweathering path,
indicative of limited effect of diagenetic and post-depositional K-
metasomatism, which is graphically deﬁned by a vector extending
from the predicated weathering trend through the sample point
towards the K-apex (Fedo et al., 1995).
7.2. Nature of source rocks
Dominant detrital quartz and feldspar grains in the sandstones
from the Yidun Group suggest that sedimentary detritus were
predominantly derived from felsic sources. Undulatory extinction
and common ﬂuid inclusions of quartz point to possible plutonic
Tumugou
Formation
Lanashan Formation
GB143 Average GB73 GB74 GB75 GB76 GB78 GB79 GB80 GB81 GB82 GB83 GB84 GB134 GB135 GB136 GB137 GB150 GB185 GB186 GB187 GB188 Average
Major oxides (wt.%)
72.5 75.8 79.1 68.4 66.7 74.0 75.1 79.4 72.1 75.4 74.7 72.2 74.1 76.1 71.9 80.4 72.3 75.2 73.5 75.7 76.3 77.4 74.5
0.70 0.69 0.58 0.76 0.72 0.61 0.63 0.58 0.73 0.63 0.63 0.51 0.67 0.53 0.72 0.56 0.71 0.60 0.56 0.59 0.67 0.59 0.63
13.0 11.1 9.51 14.3 13.6 11.0 11.6 8.80 13.0 11.7 11.6 9.79 12.0 9.97 13.3 8.80 13.3 11.2 10.8 11.0 10.6 10.9 11.3
5.08 4.67 4.12 6.34 5.40 5.66 4.51 3.44 5.13 4.61 4.42 3.52 4.87 3.84 5.38 3.20 5.27 4.39 4.40 5.02 4.66 4.01 4.61
1.86 1.80 1.54 2.66 2.31 2.20 1.89 0.03 2.26 1.81 1.89 1.51 2.14 1.47 2.27 1.32 2.13 1.59 1.80 1.91 1.84 1.32 1.79
0.03 0.03 0.02 0.02 0.07 0.07 0.04 1.50 0.05 0.02 0.04 0.29 0.04 0.02 0.04 0.04 0.04 0.06 0.06 0.03 0.03 0.02 0.12
0.23 0.31 0.26 0.24 2.29 0.59 0.39 0.87 0.26 0.27 0.66 4.09 0.26 0.34 0.24 0.33 0.32 0.61 1.91 0.28 0.44 0.35 0.75
0.86 1.01 1.37 1.54 2.25 1.47 1.33 1.71 1.97 1.41 1.47 1.77 1.56 1.63 1.52 1.45 1.72 1.86 1.57 1.40 1.54 1.00 1.58
2.87 1.98 1.58 2.75 2.47 1.73 2.12 1.35 2.23 2.15 2.11 1.56 2.07 1.61 2.64 1.43 2.48 1.85 1.84 1.84 1.72 2.30 1.99
0.15 0.11 0.17 0.16 0.16 0.15 0.14 0.17 0.16 0.14 0.15 0.13 0.16 0.13 0.15 0.14 0.15 0.14 0.13 0.15 0.16 0.12 0.15
2.66 2.41 1.73 2.62 3.90 2.50 2.17 1.98 1.99 1.82 2.21 4.56 2.00 4.34 1.71 2.24 1.49 2.33 3.26 2.00 1.91 2.00 2.44
99.9 99.9 99.9 99.9 99.9 99.9 99.9 99.9 99.9 99.9 99.9 99.9 99.9 99.9 99.9 99.9 99.9 99.9 99.9 99.9 99.9 99.9 99.9
74 73 70 72 57 69 70 62 69 71 68 57 71 68 71 68 70 66 60 71 69 71 67
Trace elements (ppm)
11.4 10.9 11.4 13.8 11.5 13.1 9.95 10.1 12.8 9.48 10.6 8.68 17.9 9.67 11.5 9.0 12.0 11.6 10.7 10.3 11.2 8.65 11.2
79.6 81.7 78.7 88.9 83.3 78.0 69.2 64.7 84.6 70.2 72.9 57.0 109.5 59.4 83.3 56.9 79.5 66.8 64.9 65.1 72.2 65.1 73.5
66.2 67.7 69.1 77.3 71.7 72.4 62.0 72.9 72.5 61.3 63.7 51.2 115.7 52.0 72.2 63.1 65.1 55.6 60.4 56.4 68.0 52.6 66.8
12.3 10.4 8.74 9.60 12.1 13.0 12.1 7.68 10.0 12.4 12.0 9.00 9.96 7.07 10.1 8.28 12.2 10.4 8.78 15.7 9.90 10.3 10.5
30.5 28.6 22.8 38.6 32.5 25.4 27.9 20.0 31.9 27.9 28.3 23.6 46.0 20.7 30.5 21.1 31.2 25.7 27.3 29.4 23.7 24.1 27.9
139 92.5 82.3 121 111 94.6 96.3 62.2 99.4 98.0 97.2 70.6 150 74.9 119 64.7 107 78.6 86.5 89.8 78.9 107 94.4
38.0 30.7 30.2 40.9 145 68.7 49.3 45.4 57.4 65.1 70.0 142 89.7 55.0 61.6 52.3 45.9 37.5 137 37.2 45.1 44.2 66.0
29.0 24.2 29.2 25.8 37.1 30.1 22.9 24.9 24.1 23.5 24.9 27.0 35.9 20.3 24.2 21.1 24.0 23.4 22.0 27.7 26.1 24.2 25.9
270 276 340 186 201 285 205 356 216 232 227 181 398 208 224 315 188 194 188 250 403 246 252
15.5 13.0 13.1 16.3 15.6 14.8 13.0 12.1 15.6 13.5 13.0 10.8 21.6 11.0 14.3 11.1 14.6 12.5 12.6 12.3 13.4 13.0 13.7
6.56 4.03 3.24 5.66 4.38 5.33 4.57 3.20 5.08 4.00 3.48 3.38 5.95 3.11 5.32 2.70 4.01 2.42 3.56 4.60 3.23 4.41 4.08
408 310 309 446 399 363 380 233 444 347 394 259 544 302 457 240 404 344 340 371 363 369 365
39.9 33.3 46.7 33.9 38.8 38.9 30.0 37.3 37.7 33.1 33.4 26.2 44.0 28.0 36.6 26.1 33.2 31.0 30.1 33.2 37.1 34.0 34.5
78.0 65.3 89.3 68.1 75.0 77.7 60.5 71.8 75.0 65.2 65.9 54.5 86.4 56.1 70.9 53.5 66.8 61.2 59.1 65.1 72.4 67.8 68.1
8.70 7.41 9.96 7.84 8.55 8.76 6.87 8.05 8.33 7.25 7.35 6.39 10.10 6.25 7.96 6.08 7.49 6.76 6.59 7.20 8.00 7.40 7.66
31.8 26.9 35.2 28.3 31.7 32.3 25.4 29.1 29.3 26.4 26.4 23.6 37.4 22.8 28.4 22.8 27.3 24.8 24.0 27.3 28.7 26.3 27.9
6.43 5.27 6.72 5.88 6.56 6.74 5.23 5.67 5.59 5.35 5.48 4.97 7.75 4.37 5.40 4.50 5.38 4.94 4.79 5.28 5.37 5.22 5.56
1.19 1.03 1.18 1.08 1.25 1.30 1.02 1.04 1.02 1.04 1.06 0.91 1.44 0.86 1.15 0.84 1.05 0.95 0.94 1.02 1.01 0.98 1.06
6.08 4.96 6.17 5.57 6.75 6.02 4.65 5.27 5.26 5.27 5.21 5.06 6.84 4.36 5.23 4.17 4.61 4.64 4.49 5.39 5.06 4.81 5.24
0.94 0.80 0.97 0.90 1.09 0.96 0.73 0.82 0.82 0.78 0.84 0.81 1.11 0.64 0.83 0.68 0.79 0.75 0.72 0.85 0.79 0.77 0.83
5.10 4.24 5.03 4.67 6.14 5.23 3.96 4.29 4.45 4.10 4.42 4.50 6.12 3.65 4.36 3.70 4.30 4.04 3.98 4.82 4.41 4.22 4.52
1.01 0.87 0.98 0.95 1.28 1.04 0.80 0.87 0.87 0.83 0.90 0.89 1.24 0.73 0.87 0.73 0.85 0.82 0.77 0.96 0.90 0.85 0.91
2.94 2.60 2.94 2.82 3.81 3.04 2.27 2.71 2.67 2.50 2.68 2.52 3.78 2.16 2.74 2.18 2.50 2.44 2.45 2.91 2.71 2.63 2.72
0.42 0.37 0.40 0.39 0.53 0.45 0.31 0.39 0.40 0.36 0.39 0.34 0.53 0.32 0.37 0.33 0.37 0.35 0.34 0.41 0.40 0.37 0.39
2.81 2.49 2.77 2.62 3.50 2.95 2.16 2.60 2.68 2.43 2.66 2.25 3.52 2.12 2.53 2.13 2.50 2.30 2.21 2.58 2.66 2.52 2.58
0.43 0.37 0.40 0.39 0.50 0.42 0.31 0.40 0.40 0.37 0.37 0.33 0.53 0.31 0.39 0.34 0.37 0.34 0.34 0.40 0.39 0.38 0.38
6.89 7.29 8.79 5.06 5.34 7.47 4.95 9.14 5.76 6.17 6.09 4.71 10.2 5.63 5.89 8.42 5.12 5.29 4.87 6.27 10.0 6.41 6.58
1.40 1.15 1.09 1.41 1.31 1.24 1.07 1.08 1.32 1.18 1.12 0.94 1.84 0.94 1.26 0.88 1.35 1.10 1.24 1.15 1.08 1.12 1.19
13.6 11.3 15.4 15.6 24.1 7.63 15.8 14.8 12.4 15.9 16.2 15.2 18.7 11.7 16.9 13.4 16.0 4.99 9.61 9.68 11.7 21.0 14.3
16.8 14.8 17.8 13.9 15.7 17.2 13.1 16.7 14.1 15.0 14.4 12.2 21.1 13.5 16.6 14.7 14.7 14.1 14.2 15.1 17.3 16.4 15.4
3.45 2.81 3.84 2.59 2.61 1.98 2.35 2.67 2.74 2.99 2.83 2.17 4.24 1.95 3.45 2.91 2.73 2.48 2.05 3.15 2.84 2.81 2.77
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fragments indicates sedimentary and metamorphic sources. Simi-
larly, stable accessory minerals, including rutile and zircon reveal
felsic to intermediate plutonic and metamorphic sources.
Elements, including Cr, Ni, V, Co, REE, Y, Sc, Zr, Hf and Th, reside
in minerals that are resistant to secondary processes and are
commonly used to constrain the composition of the source (Talor
and McLennan, 1985; McLennan, 2003; Wang and Zhou, 2012).
Cr, sensitive to the presence of chromite, is suitable for monitoring
the addition of ophiolitic component (e.g. Hiscott, 1984; Wrafter
and Graham, 1989), and Cr/V ratio is plotted against Y/Ni ratio to
distinguish relative contribution from ophiolitic, maﬁc and felsic
end members (Fig. 8a). Plots of the rocks from the Yidun Group
show little contribution from ophiolitic source but signiﬁcant input
from felsic sources (Fig. 8a). The relative abundance of Co and Cr
(indicative of maﬁc source), La and Th (indicative of felsic source)
and ratios such as Co/Th and La/Sc are generally used to examine
the geochemical nature of source rocks (McLennan and Taylor,
1991; Cullers, 2000; Wang and Zhou, 2012; Wang et al., 2012).
Sandstones from the Yidun Group have Co/Th and La/Sc ratios
generally similar to UCC and cluster between UCC and felsic sources
(Fig. 8b), indicating dominantly felsic sources. Depletion of
compatible elements (Cr, V, Ni and Sc) and slightly enrichment of
HFSE (Zr and Hf) relative to the UCC, are consistent with such felsic
sources (Fig. 6b). The chemical composition of sources can also be
evaluated by extending the predicted weathering trend back to thefeldspar join, possibly indicating granodiorite (upper crust) as the
unweathered source for the Yidun Group (Fig. 7).
Potential sediment recycling, characterized by addition of heavy
minerals such as zircon, can be inferred from prominently high Zr/
Sc ratio or Hf concentration (Mclennan et al., 1990; Floyd et al.,
1991). In the diagrams of Th/Sc versus Zr/Sc and La/Th versus Hf,
sandstones from the Yidun Group in the Changtai region reveal
input of recycling components (Fig. 9a and b), possibly suggesting
the detritus derived from old sedimentary sources in a passive
continental margin (Floyd and Leveridge, 1987). K2O/Na2O ratios
and SiO2 contents can be useful indicators for discriminating tec-
tonic settings of detritus (e.g. Roser and Korsch, 1986; Sun et al.,
2008). The diagram of K2O/Na2O versus SiO2 conﬁrms that the
Yidun Group mainly received materials from a passive margin
setting (Fig. 9c).
Because of the stability of the Sm-Nd isotope system during
sedimentary processes, the whole rock Nd isotopic composition
could be a useful indicator of the average source composition
(Mclennan et al., 1990, 1992; Patchett, 2003; Wang et al., 2010).
Rocks from the Yidun Group have relatively low 3Nd(t) and high Th/
Sc ratios similar to the upper continental crust (Fig. 9d), indicating a
passive margin provenance with the addition of upper continental
crust component. The calculated Nd modal ages (TDM) of Yidun
sandstones vary from 1.94 to 2.21 Ga, suggesting the Yidun Group
had a mid-Paleoproterozoic source or mixed source with mixed Nd
modal ages of Paleoproterozoic.
Figure 5. Harker diagrams showing variation between selected major elements and SiO2 for the sandstones from the Yidun Group.
B.-Q. Wang et al. / Geoscience Frontiers 4 (2013) 765e777772Both the Yidun Group and Xikang Group in the adjacent
Songpan-Ganzi Terrane are composed of Triassic ﬂysch sequences
(e.g. BGMRSP, 1991; Bruguier et al., 1997; Weislogel et al., 2010),
which make this two depocenter comparable in terms of prove-
nance and tectonic setting. Although they are tempo-spatially
associated and show similarities in lithological compositions,
whether the accumulated sediments derived from the same source
is unknown. Previous studies revealed that the ﬂysch sequences inFigure 6. a) Chondrite-normalized REE diagram for the Yidun Group sandstones. Post-A
normalized, multi-element spider diagrams for the Yidun Group sandstones. Chondrite v
and Gao (2003).the Songpan-Ganzi Terrane can be divided into several subzones
according to the different geochemical features that they have
shown (She et al., 2006; Chen et al., 2009; Zhang et al., 2012). These
subzones are suggested to have different provenances (Zhang et al.,
2012). In order to investigate the potential relationship between
the Xikang and Yidun Groups, ﬂysch sequence of “Zone II” from
Zhang et al. (2012) in the Songpan-Ganzi Terrane, which is prox-
imal to the Yidun Terrane, is selected to compare with the Yidunrchean average Australian shale (PAAS) is also plotted as reference. b) Upper crust-
alues are from Talor and McLennan (1985) and upper crust values are from Rudnick
Table 2
Nd isotope data of sandstones from the Yidun Group in the Changtai area.
Sample Formation t (Ma)a Sm (ppm) Nd (ppm) 147Sm/144Nd 143Nd/144Nd 2s (143Nd/144Nd)i 3Nd(t) TDM (Ga)
GB126 Lieyi 230 5.35 25.9 0.124882 0.511916 0.000016 0.511728 12.0 2.11
GB133 Lieyi 230 5.43 28.3 0.116020 0.511825 0.000011 0.511650 13.5 2.06
GB86 Qugasi 230 4.99 24.5 0.123310 0.511883 0.000027 0.511697 12.6 2.13
GB98 Qugasi 230 5.43 27.3 0.120569 0.511876 0.000024 0.511695 12.6 2.08
GB101 Qugasi 230 4.72 24.0 0.118916 0.511856 0.000021 0.511677 13.0 2.07
GB77 Tumugou 230 6.17 32.7 0.114104 0.511881 0.000023 0.511709 12.4 1.94
GB138 Tumugou 230 5.25 26.2 0.121532 0.511841 0.000037 0.511658 13.3 2.16
GB74 Lanashan 230 5.88 28.3 0.125544 0.511888 0.000022 0.511699 12.5 2.17
GB83 Lanashan 230 4.97 23.6 0.127392 0.511919 0.000013 0.511727 12.0 2.17
GB185 Lanashan 230 4.79 24.0 0.120713 0.511795 0.000021 0.511613 14.2 2.21
a t ¼ 230 Ma is applied as the depositional age of for the Yidun Group for the Nd isotopic calculation.
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Xikang Group shows different geochemical features from the Yidun
Group. The Xikang Group has relatively constant and high Co/Th
ratios but variable La/Sc ratios (Fig. 8b), and displays features of a
complex source with signiﬁcant felsic and recycled components in
contrast to the Yidun Group (Fig. 9a and b). Sandstones of the
Xikang Group have a wide range of SiO2 contents negatively
correlated with K2O/Na2O ratios (Fig. 9c). Tectonic setting of their
source is suggested to be an active continental margin different
from the Yidun Group (Fig. 9c). In addition, the Xikang Group has
higher 3Nd and signiﬁcantly younger Nd modal ages (1.37e1.90 Ga)
than the Yidun Group (Fig. 9d). The geochemical difference be-
tween the Yidun and Xikang Groupmay indicate theywere derived
from different sources.
Distance of sediment transport could also signiﬁcantly affect the
geochemical composition of sedimentary rocks (e.g. Johnsson,
1993; Fralick and Kronberg, 1997). However, between the north-
ern Yidun and Songpan-Ganzi Terranes, the Ganzi-Litang OceanFigure 7. Chemical index of alteration (CIA) ternary plots of molecular proportions Al2O3-(C
Young (1984) and Fedo et al. (1995).was not closed by subduction until the end of Triassic (e.g. Hou
et al., 2001a; Liu et al., 2006). The existence of Ganzi-Litang
Ocean trench system prohibited sediment transport between the
northern Yidun and Songpan-Ganzi Terranes.
7.3. Implications for the tectonic evolution of the Yidun Terrane
The unsorted features of detrital fragments and low tomoderate
CIA values of sandstones from the Yidun Group indicate relatively
stable tectonic setting for the deposition of the Yidun Group.
Dominantly supplied by recycled materials, the Yidun Group also
support a stable tectonic environment, because sediments in a
tectonically active environment are generally expected to contain
abundant unstable lithic fragments such as maﬁc to felsic volcanic
clasts and to have ﬁrst-cycle chemical signatures. In addition, age
distribution of detrital zircons indicate the majority of sedimentary
detritus were derived from erosion of older continental crust and
there is a time lag of approximate 160 Ma between the youngestaO* þ Na2O)-K2O showing the weathering trend in the Yidun Group after Nesbitt and
Figure 8. Plots of a) Cr/V vs. Y/Ni and b) Co/Th vs. La/Sc for the Yidun Group.
B.-Q. Wang et al. / Geoscience Frontiers 4 (2013) 765e777774detrital zircons and the depositional age of the Yidun Group in the
Changtai area, also pointing to a tectonically stable rather than
active setting, inwhich sedimentary detritus are expected to derive
predominately from newly formed magmatic or metamorphic
rocks resulting in unimodal age distribution of detrital zircons
(Wang et al., 2013). Therefore, the Yidun Group in the Changtai area
likely deposited in a tectonically stable environment with detritus
mainly from recycled felsic sources.
The Yidun Group shows distinct geochemical signatures from
the Xikang Group to the east, suggesting they were not derivedfrom the same source. Thus, major sources of the Xikang Group,
including the Yangtze Block, Qinling-Dabie orogenic belt, Kunlun
Terrane and Central Qiangtang metamorphic belt (e.g. Nie et al.,
1994; Enkelmann et al., 2007; Weislogel et al., 2010; Zhang et al.,
2012), may not be the primary sources for the Yidun Group. To
the west of the sedimentary basins of the Yidun Terrane, Zhongza
Massif was likely to be the major source of the Yidun Group in
the Changtai area based on the detrital zircon age patterns (Wang
et al., 2013). The Zhongza Massif is dominated by the Paleozoic
passive margin sedimentary sequence, which is consistent with
Figure 9. Plots of a) Th/Sc vs. Zr/Sc; b) La/Th vs. Hf; c) K2O/Na2O vs. SiO2 and d) 3Nd(t) vs. Th/Sc for the Yidun Group.
B.-Q. Wang et al. / Geoscience Frontiers 4 (2013) 765e777 775the source signature of the Yidun Group (BGMRSP, 1991; Reid et al.,
2005).
The subduction polarity of the Jinsha Ocean was controversial,
and proposed models include westward subduction under the
Qiangtang Block and eastward subduction under the Zhongza
Massif (e.g. Chang, 2000;Wang et al., 2000; Reid et al., 2005; Pullen
et al., 2008; Roger et al., 2010; Zi et al., 2012). If the Jinsha oceanic
slab subducted eastward, the Zhongza Massif would be an active
continental margin and the Yidun Group would have received a
substantial amount of detritus in an active continental margin
setting during the Triassic. However, geochemical compositions of
the Yidun Group basically reveal source signatures of a passive
margin instead of an active continental margin (Fig. 9b and c).
Hence we can infer that the eastward subduction model of the
Jinsha Ocean under the Zhongza Massif is implausible.
It has been suggested that the Yidun Group in the Changtai area
formed in a back-arc basin, on the basis of geochemistry of the
intercalated volcanic rocks, the presence of numerous Triassic
maﬁc intrusions, and volcanic-hosted massive sulphide deposits
(e.g. Hou, 1993, 2001b). However, the recycling features in terms of
geochemistry and petrography of Yidun sandstones and multi-
modal detrital zircon age distribution (Wang et al., 2013) favor
a stable setting for the Yidun Group. This contradiction can prob-
ably be explained as that the Yidun Group in the Changtai area
formed in the continental side, e.g. adjacent to the Zhongza Massif,
of a back-arc basin, which was associated with the subduction of
the Ganzi-Litang Ocean under the eastern Yidun Terrane. Therefore,our study provides important constraints on the evolution of the
Yidun Terrane involving the Jinsha and Ganzi-Litang subduction
system during the Triassic.
8. Conclusion
1. The Yidun Group in the Changtai region received sedimentary
detritus largely from felsic sources likely of average granodio-
ritic compositions. The Yidun Group accumulated recycling
rather than ﬁrst-cycle material, which has mixed Nd modal
ages of Paleoproterozoic (1.94e2.21 Ga). The sources of the
Yidun Group experienced mild to moderate chemical weath-
ering processes.
2. The Zhongza Massif was likely the major source of the Yidun
Group in the Changtai region. The source recycling features
indicate the Zhongza Massif was a passive margin during the
Triassic and hence eastward subduction of the Jinsha Ocean
was implausible.
3. The Yidun Group is supposed to deposit in a tectonically stable
setting with detritus dominated by an old continental crust
source.
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